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an electrolyte comprised of sodium containing 
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cark)on and. a reactive compound capable of suppressing 
the formation or accumulation of sodium cyanide during 
operation of the cell, of reacting with sodium to 
reduce problems associated with sodium intercalation, 
and of reacting with one of titanium or zirconium to 
form titanium or zirconium diboride during operation of 
the cell to produce aluminum (22). 
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(57) L 'invention conccmc iin malcriau carbolic amcliorc 
apte a une utilisation coinme catliode (16) dans une cuve 
d'electrolyse de production d'aluminium, le fond (10) de 
la cuve utilisant iin Electrolyte comprenant des composes 
contenant du sodium. T,e materiau carbon6 comprend du 
carbonc ainsi qu'un compose r<3aclif capable de 
supprimer la formation ou T accumulation de cyaiiure de 
sodium pendant 1 'exploitation de la cuve, de r^agir avec 
du sodium aim de reduire les problemes associes a 
I Intercalation du sodium, et de r^agir avec le titane et/ou 
Ic zirconium pour former du diborurc de tilane ou de 
zirconium pendant Texploitation de la cuve dans la 
production d' aluminium (22). 
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producing electrolytic cell, the cell bottom (10) using an 
electrolyte comprised of sodium containing compounds. 
The carbonaceous material is comprised of carbon and a 
reactive compound capable of suppressing the formation 
or accumulatibn of sodium cyanide during operation of 
the cell, of reacting with sodium to reduce problems 
associated with sodiimi intercalation, and of reacting 
with one of titanium or zirconium to form titanium or 
zirconium diboride during operation of the cell to 
produce aluminum (22). 
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(57) Abstract 

Discloeed is an impfoved caibonaceous material suitable for use as a cathode (16) in an aluminum producing electrolytic cell, the 
cell lx>tloni (10) using an etectrolyte comprised of sodium containing compounds. The cartx)naceous material is comprised of carbon and a 
leactive compound capable of suppressing the formation or accumulation of sodium cyanide during operation of the cell, of reacting with 
sodhim to reduce problems associated with sodium intercalation, and of reacting with one of titanium or zirconium to form titanium or 
zirconium diboride during operation of the cell to produce iduminum (22). 
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POTT.TNING T O FNHANCE CELL 
PPRPftRMANC F. IN Af UMINUM PRODUCTION 
This invention relates to production of aluminum, and moire particularly 
it rdates to an in^}roved carbon ca&ode for use in the production of aluminum. 

In the Hall-Heroult process for making primary aluminum, aluminum 
oxide is dissolved in a molten salt sudi as ayolite and th«i elecuolyzed to form 
molten aluminum at the cathode. The electrolysis is carried out at a temperature in the 
range of about 930 to 980''C. The molten salt is contained in a steel shell which is 
lined with refractories and carbonaceous material. The lining containing the cadiode 
m^, located in the bottom of the cell, is usually made of carbon materials. In 
addition, refractories are used to maintain thermal conditions in the cell. The amount 
of carbon used is substantial. For ocample, a Hall-Heroult cell of moderate size uses 
about 24,000 pounds of carbon block for lining purposes and uses about 10,000 pounds 
of carbon ramming paste to complete the lining and to hold the carbon blocks in place. 
The cell has to be relined about every 4 to 6 years, producing large quantities of used 
carbonaceous material and refractories, i.e., spent potlinii^. 

The use of carbonaceous cathodes is not without problems. For 
example, they are not readily wettable with molten aluminum. Thus, conductivity 
Orough the surfece of the cathode is not uniform but tends to be intermittent. Also, 
the carbon cathode sur&ce reacts with the molten aluminum to form aluminum carbide 
which depletes the cathode at a rate of 2 to 5 cms per year for an operating electrolytic 
celL This depletion is fostered by the presence of sludge containing fluoride bath 
components at the interface between catfiode carbon and metal. The aluminum carbide 
also is detrimental because it results in a high electrical resistivity material which 
interferes with the efficiency of the cell. 

The carbon catiiodes have another problem. That is, sodium and lithium 
peneUBte or intercalate ttie carbon blocks causing them to swell. In addition, tiie 
sodium results in tiie formation of sodium cyanide causmg disposal problems with tiie 
spent pqtlinings. The Environmental Protection Agency has listed spent poUinings as a 
hazardous material because they contoin cyanides. Thus, it will be seen that tiiere is a 
great need for a carbonaceous catiiode that is wettable with molten aluminum, which is 
resistant to formation of cyanide, and shows a decreased tendency to swell due to 
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sodium intercalation. 

In attempts to provide aluminum wettable surfaces on carbon cathodes, 
vnvUcationoftitanium bolide or zirconium boride has been suggested. These materials 
have been used as tiles to cover the cathode surface and are described in U.S. Patents 
5 3,400,061; 4.093,524; 4,333,813; and 4,341,61 1; However, tnese approaches have not 
been without problem. TTiat is. the tiles and coatings trad to fall off after a short 
pmod of use, and this interferes with continued use of the cell. Also, coatings of 
titaiuum diboride have been ^plied in cement to the carbonaceous surface in U.S. 
Patents 4.544,469; 4.466,692; 4.466,995; 4.466,996; 4,526,911; 4.544,469 and 

10 4,624,766. EPO 0 021 850 suggests electroplating titanium diboride onto the carbon 
surfece. U.S. Patent 5,028.301 suggests deposition of a coating composed of titanium 
diboride and titanium carbide on cathode parts from supersaturated dissolved elements 
in electrowon aluminum. In a book entifled "Cathodes in Aluminum Electrolysis", 2nd 
edition, publidwd 1994 by Aluminum-Verlag and authored by M. SerUe and H.A. 0ye 

1 5 limited durability and cost of the material arc cited as obstacles to effective industrial 
use. . ' 

Witii respect to di^osal of spent carbonaceous material, numerous 
approaches have been used to convert the cyanide or to render the spent potliner safe 
for disposal. For example, U.S. Patent 5,222.448 discloses that spent potiiner is treated 
20 by introducing it into a vessel, and exposing it to the heat of a plasma torch at a 
temperature of at least l OOCC. As a result, carbon is gasified and converted to 
combustible carbon monoxide or hydrocarboiis. or to carbon dioxide; inorganic 
material is melted to form stag; fluoride compounds are melted, vaporized, or reduced 
to gaseous HF; cyanide compounds are destroyed; and all other materials, including 

25 sulfur compounds, are either melted or gasified. As a result, the spent potiiner is 

rendered non-hazardous, and tiie quantity of remaining slag has botii its solid volume 
and mass substantially reduced by a factor of at least 1.5:1 in mass and at least 3:1 in 
volume relative to the input spent potiiner. 

U.S. Patent 4,576,651 discloses a process for treating fluoride- 

30 contaminated scrap lining material from electrolytic reduction cells which comprises 
mixing tiie material vritii 7-30 parts of sulfuric acid and sufficient water to bring liquid 
content to 60-80 parts per 100 parts of lining material, mixing in sufficient lime to at 
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least neutralize the sulfuric acid and make the sluny slightly alkaline, the slwry then 
being allowed to set into a solid mass. The slurry should be of a paste-like 
consistency. The lime may be wholly cidcium hydroxide, but a substantial proportion 
may be in the form of calcium carbonate. The scrap, before or after the above 
5 treatment with lime and sulfuric acid, is preferably heated to 1 50-500»C in the 
presmce of water vapor to destroy cyanides. 

U.S. Patent 4,763,585 discloses a process for the combustion of ground, 
spent potlinings generated during the production of metallic aluminum. The process 
includes grinding the potlinings to a particle size of not greater than about 2 inches in 
10 any dimension; mixing with the ground potlinings from about 1 to about 20 wt.% 

based upon the weight of the potlinings, of a powdered inert additive having a median 
particle size of not greater than 10 micrometers, and burning the ground potlinings in a 
combustor at a temperature in the range of from 1406«F to about 2200»F, the additive 
coating the ground potlinings and preventing their agglomeration in the combustion 

15 zone therein. 

U.S. Patent 4,973,464 discloses a method for removal of cyanides from 
spent potlinings from aluminum manufacture. The method discloses the treatment of 
ground, spent potlinings gttierated during the production of metallic aluminum to 
reduce cyanide content to environmentaUy nonhazardous levels. PoUinings are ground 
20 or otherwise suitably reduted in size to a particle size of not greater than about 2 
inches in any dimension and roasted in a stream of air or nitrogen at a temperature 
between about 500« and 1400«F. Roasting for an appropriate time-temperature interval 
reduces cyanide content to desired levels without combustion of a major portion of 
carbonaceous material, resulting in an end product rich in carbon and fluorine which 
25 may be salable because of this content. 

U S. Patent 4,993,323 discloses that an environmentally acceptable and 
effective method for thermal destruction of Spent Potiincr (SPL) by Fluidized Bed 
Combustion (FBC) has been established. This metfiod has overcome problems 
associated with ash agglomeration, ash leachate character and emission control, tiie 
30 primary obstacles for applying FBC to tiie disposal of SPL and like solid fuels. 

Specifically, "recipes" of appropriate additives (fuel blends) are proposed. A mixture 
of lignite, limestone and SPL in an appropriate proportion has proven to notably 



CA 02305581 2000-03-31 



W099/1S263 PCr/US98/I9680 

- 4 - . ' 

increase the agglomeration temperature of the ash, allowing this low-melting waste to 
be destroyed continuously by FBC. Ash leachate character is modified by control of 
ash chemistry to ensure that fluoride anions and metallic cations are at or below 
acceptable limits. 

U.S. Patent 5,024,822 discloses a process for treating spent potlining 
fiom the electrolytic smelting of aluminum in cryolite including incinerating the 
potlining to combust carbonaceous material to form an ash at a temperature low 
enough to maintain low fluorine vapor pressures, admixing siliceous material with the 
potlining either before or after the ash-forming stage, and heating the ash and sUiceous 
material to form a glassy residue. 

In Norwegian Disclosure 175,159, the cyanide-containing potlining is 
treated is situ by raising the cell temperature before shut-down of the cell, thus 
promoting penetration of electrolyte into the lining to react with the cyanide. 

However, it will be noted that these treatments are post-treatments to 
correct the hazardous waste problems resulting from spent potlinings. and most of them 
are relatively expensive. Thus, it will be seen that there is a great need for a method 
that permits the use of carbonaceous cathodes but is effective in promoting wetting 
with molten aluminum and is effective in preventing formation of undesirable 
compounds such as cyanide compounds during use of the cell to produce aluminum. 
Promoting wetting of the cathode greatly increases the efficiency of ti\e cell and by 
preventing formation of compounds such as cyanide compounds, any post-treatment for 
spent cathodes can be greatiy simplified. 

It is an object of tiie invention to provide an improved carbonaceous 
potiining for an aluminum producing electrolytic cdl. 

It is anotiiCT object of the invention to provide an improved 
carbonaceous potiining for an aluminum producing electrolytic cell having improved 
molten aluminum wetting characteristics, leading to lower cell resistance, lower 
tendency to accumulation of sludge and decreased wear of tiie caUiode surface: 
Still, it is another object of the invention to provide an improved 
carbonaceous potiining for an aluminum producing electrolytic cell capable of 
suppressing formation of cyanide compounds during operation of the cell. 

Yet, it is another object of die present invention to provide a iiovel 
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carbonaceous composition suitable for use as a potliner in aluminum-producmg 
electrolytic cells for improved vetting and reducing sodium and lithium intercalation. 
These and other objects will become apparent from reading the 

specification and claims appended hereto. 
5 In accordance with these objects, there is provided an improved 

carbonaceous material suitable for use as liner material in an aluminum producing 
electrolytic ceU. The cell uses an electrolyte comprised of sodium containing 
compounds. The improved carbonaceous material is penetrable by sodium and 
nitrogen, but it is resistant to formation or accumulation of sodium cyanide during 

10 operation of the cell. This improved carbonaceous material also promotes improved 
molten aluminum wetting properties. The carbonaceous material is comprised of 
carbon and a reactive compound which is capable of reacting with titanium to produce 
titanium diboride during operation of the cc\\ to produce aluminum. The reactive 
compound produces titanium diboride in an amount sufficient to improve molten 

15 aluminum wetting properties of the carbonaceous material. 

The Figure is a cioss-sectional view of a section of a wall and bottom of 

a Hall cell used for making alunainum. 

The Figure shows a typical construction of a cell bottom 10 witii 
prebaked lining 12 and rammed joints 14. Prefabricated cathode blocks 16 are placed 
20 on top of insulating refiactories 18. Blocks 16 are traditionally made from rotary kiUi 
or gas calcined anthracite aggregate or electrically calcined anthracite, mixed witii a 
pitch binder. Graphite components can be substituted to increase electrical 
conductivity. In prefabrication of cathode bloidcs. green blocks are shaped and pressed, 
and subsequentiy baked in special furnaces. Ramming paste 14 is used to fill tiie. 
25 spaces and form seams between individual catiiode blocks, also to connect the side 

walls with tiie carixm blocks. Hot ramming pastes consist of an anthracite filler and a 
pitch binder. Room temperature paste binder formulations arc usually based on a coal- 
tar or a coal-tar pitch, with a solvent or other additive to lower its softening point 
and/or increase its coke yield. Also, molasses or additions of solid pitch fines may be 
30 included in some formulations. The ramming paste is baked in situ on cell start-up. 
Ramming paste may be used for tiie carbonaceous catiiodes to form the so-called 
monolitiiic cathodes. The sidewalls are usually made from prebaked carbon blocks. 



CA 02305S81 2000-03-31 

. PCT/US98/19680 



. 6 - 

ramming paste, or a combination of both. The desired properties of the sidewall are, 
however, different frorh those sought for the cathode bottom, and carbon sidevwOls are 
not always the preferred choice. 

The ccli is shown fiUcd-with molten cryolite electrolyte 20. A layer of 
molten alummum 22 is shown between electrolyte 20 and cathodes 16. A layer 24 of 
frozen cryolite is provided covering molten cryolite 20. In addition, frozen cryolite 26 
is shown as a layer 12 arotmd the perimeter of the cell above surface 28 of cathodes 
16. Anodes ans not shown in the Figure but normally project through crust or layer 24 
into close proximity to surface 28 of cathodes 16. 

As noted earlier, the molten aluminum has the problem that it does not 
readUy wet surface 28 of cathodes 16 and reacts with carbon in the cathode to form 
aluminum carbide. The carbide then dissolves into clcctrolyle which, with excess 
alumina, forms a sludge which collects between carbon cathode and metal. The 
cathode can be consumed at a rate exceeding 2 cm per year for an operating cell. The 
present invention is designed to improve the wettability of tiie cathode surface with 
molten aluminum and inert or minimize reaction of the carbon in the cathode with 
molten aluminum. Accordingly, there is provided a novel carbonaceous base material 
containing a reactive compound. The novel carbonaceous base material is suitable for 
potlinings, cathode blocks, ramming paste and seam mix. The reactive material in the 
novel carbonaceous base material can be reacted with a source of titanium to fomi 
titanium diboride. The reactive compound must be capable of reacting witti titanium 
under the conditions prevailing in the carbonaceous material present in the liner, 
cathode block, or ramming mix utilized in an aluminum-producing electrolyte cell. 

The novel material can comprise 0. 1 to 30 wt.% of a compound reactive 
with titanium in tiie presence of carbon to produce titanium diboride. the remainder of 
the novel material comprising carbon. By carbon as used herein is meant to include 
carbon as used in potlinings. cathode blocks, ramming paste, ahd seam mix as used in 
aluminum-producing electrolytic cells. 

The novel carbonaceous base material can comprise carbon and 0.1 to 
30 wt.% of a reactive compound of a carbide, fluoride, phosphate, or oxide, the 
compound reactive with titanium in the presence of carbon and aluminum or sodium to 
form titanium diboride on the surface of the caUiode conuicted by the molten 
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aluminum in the electrolytic ceU. A metal reactive with the reactive compound may be 
used. The metals. e.g.. titanium or zirconium, may be dissolved in the aluminum, 
possibly as a result of co-deposition, or it may be provided in finely divided or powder 
form and dispersed with the reactive material in the novel carbonaceous base material. 
Examples of reactive carbide compounds useful in said novel material include titanium 
carbide and boron carbide. Reactive fluoride compounds useful in the novel invention 
include sodium tetrafluproborate (NaBF,). An example of a reactive phosphate 
compound useful in said novel invention is boron phosphate (BPOJ. Examples of 
reactive oxide compounds include boron oxide, sodium borate, calcium borate, sodium 
tetraborate (including borax), boric acid, or an organic derivative of boron oxide 
compounds, e.g.. triethyl boric acid or tripropylborine. 

Of tiie above compounds reactive with titanium or zirconium, the 
preferred reactive compounds are boron oxide and its derivatives such as boric acid, 
sodium borate and sodium tetraborate. That is, the boron oxide compounds axe 
preferred because they can combine with titanium to form titanium diboride. Of tiie 
boion oxide compounds, boron oxide (B^O,) is preferred. Also, preferably, the novel 
material comprises carbon and 0.5 to 5 wt.% reactive compound. A typical amount of 
reactive compound is in the rang* of 1 to 2 wt.%. It will be appreciated that 
combinations of such compounds may be used. 

The reactive compound should be capable of reacting with titanium or 
zirconium to form titanium diboride or zirconium diboride at operating conditions 
prevalent in the cartwnaceous material in the electrolyte cell during operation, nius. 
the reactive compound should be capable of reacting with titanium or zirconium in the 
presence of carbon and aluminum or sodium in a temperature range of 500» to 1000»C. 

In the process of using the present invemion, a carbonaceous material 
comprising carbon and the reactive compound are mixed thoroughly and then 
fabricated into a suiUible inner catiiode block, ramming mbc, or seam mix for use in an 
aluminum-producing electrolytic cell. That is, the reactive compound is mixed with 
carbon and/or pitch, depending on die end use. to form a green mix. The green mix is 
ti«m shaped into cathode blocks or Hner. The green cathode blocks are then baked 
before use. whereby volatile material is driven off. Ramming paste is baked in situ on 
cell start-up. Then, during operation of tiie cell, the reactive compound mixed into die 
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carbonaceous mix will operate in its reducing environment to react with a source of 
titanium or zirconium to form titanium diboride or zirconium diboride at the surface of 
the carbonaceous cathode contacted by the molten aluminum. The titanium diboride or 
zirconium diboride are wet by the molten aluminum and are essentially inwt. Further, 
5 the titanium diboride or zirconiuna diboride are highly electrically conductive. Thus, 
the cell operates with greater efficiency and the cathode surface contacted by the 
molten aluminum has decreased wear or consumption forming aluminum carbide with 
molten aluminum. That is, the rate of diis reaction is minimized and consumption of 
the caUiode is minimized. 
JO While it is important to provide a homogeneous mix of the carbonaceous 

material and the reactive compound for reasons explained later, a higher concentration 
layer 32 of the reactive compound can be employed at or penetrating from tiie surface . 
of the carbon catiiode into the body of the catiiode. That is, the higher concentration 
employed at surface of the cathode contacting the molten aluminum makes a Mgher 
15 level of reactive material available to form titanium diboride or zirconium diboride. 
The reactive material can be applied in different ways to provide high concentrations 
on or near the surface of tiie catiiode. For example, a powder of tiie reactive 
compound can be spread over the surface of the cathode (prior to baking) which will 
be contacted witti tiie molten aluminum in the cell. Upon baking, the reactive 
20 compound becomes imbedded in tiie catiiode surface making it readily available to 
react witti titanium, for example, to form titanium diboride. For example, if boron 
oxide is tiie reactive compound, upon baking the green carbon catiiode, the boron 
oxide will melt at about 450'C and penetrate tiie surface of tiie catiiode and tiiereby 

form a high concentration of boron oxide which is readily available to react witii 
25 titanium to form a titanium diboride layer which is intimately bonded with or is a part 
of tiic carbon cathode. This has tiie advantage tiiat there is no adhesive bond to fail as 
in the case of tiles, for example, and yet the titanium diboride provides the aluminum 
wetting properties which permits efficient operation of the cell. 

As the surface wears due to dissolution of titanium diboride into the 
30 metal (this process can be decelerated by addition of some boron oxide to tiie 
electrolyte), tiie titanium diboride coating is continuously regenerated. 

It will be ^reciated tiiat the reactive compound can be made available 
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or applied in any number of ways to the cathode surface. For example, theTeactive 
compound can be applied by spraying. That is, a dispersion can be made and wet 
^yed onto the surfece of the cathode. Impregnation by the reactive compound may 
be achieved by placing the reactive compound on the surface, melting it and letting it 

penetrate into the carbon, as noted: 

The titanium or zirconium can be made available for reaction in 

dififcrent ways. For example, titanium metal powder can be mixed with boron oxide 
powder and applied simuhaneously. The titaniuto can be plasma sprayed onto the 
catiiode surface containing the reactive compound, e.g.. boron compound. In another 
method, titanium metal can be provided in the molten metal to react with the boron 
compound in the cathode surface layer to form titanium diboride. Or, a titanium 
compomid can be dissolved in the electrolyte and reacted out of the electrolyte at the 
start-up of the cell and during cell operation, It will be appreciated that a source of 
titanium can be supplied periodically over the Ufe of the cell to rejuvenate the titanium 
diboride. Thus, this approach has the advantage of in-situ repairing of defects in the 
titanium diboride lining layer without shutting down the cell. 

As noted above, the reactive material can be homogeneously distributed 

in the carbonaceous material. Thus, the improved carbonaceous material can provide 
for an improved wettability of tiie carbon cathode and at the same time can act to 
20 suppress formation or accumulation of cyanide compounds. 

Cyanide compounds form in tiie carbonaceous lining of electrolytic cells 
during the production of aluminum. Cyanide compounds form in the carbonaceous 
iMterial from Ae presence of carbon, sodium and nitrogen at elevated temperatures. 
The carbon source is the carbonaceous celllining. i.e.. carbonaceous blocks, 

carijonaceous boards, and carbonaceous based ramming mix and seam paste used. 
Sodium results from the molten salt electrolyte containing cryolite (Na^AlF,) used to 
dissolve almnina (AlA)- ^ tiie electrolytic reduction of alumina to aluminum and 
carbon dioxide, some sodium of tiie electrolyte is reduced at the same time as the 

alumina. The sodium that is reduced from electrolyte provides free sodium. The 
30 sodium migmtes or is transferred through or into tiie carbonaceous limng and ramming 
paste, -me source of nitrogen for the reaction is provided by the air which penetrates 
into the catiiode blocks and into tiie carbonaceous liner. The reaction that produces 
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undeniable sodium cyanide is as follows: 

2C+2Na+Nj-»2NaCN 
Thus, it is important to siQ>press or stop the formation or accumulation 
of cyanide compounds such as sodium cyanide in potlinings of aluminum-producing 
electrolytic cells. Accordingly, there is provided a novel carbonaceous base material 
and a reactive compound suitable for potlinings. cathode blocks, ramming paste and 
seam mix which is resistant to formation of cyanide compounds. The reactive 
compound must be capable of reacting with sodium, nitrogen or sodium cyanide under 
the conditions prevailing in the carbonaceous material present in the liner, cathode 
block, or ranuning mix utUized in an aluminum-producing electrolyte cell. Thus, the 
novel material can comprise 0. 1 to 30 wt% of a compound reactive with sodium, 
nitrogen or sodium cyanide in the presence of carbon to avoid or suppress the 
formation or accumulation of cyanide compounds, the remainder of the novel material 

con^nising carbon. 

The novel carbonaceous base material can comprise carbon and 0. 1 to 
30 wt.% of a reactive compound of a carbide, fluoride, carbonate, phosphate, or oxide, 
the compound reactive with sodium, nitrogen or sodium cyanide in the presence of 
carbon to avoid the formation or accumulatipn of cyanide compounds. A metal 
reactive with sodium, nitrogen or sodium cyanide such as aluminum, magnesium, 
silicon, boron or zinc, may be used. The metals may be provided in fmely divided or 
powder form. Examples of reactive carbide compounds useful in said novel material 
include silicon carbide, aluminum carbide, titanium carbide and boron carbide. 

Reactive fluoride compounds useful in the novel invention include aluminum fluoride 
(AIF3), cryolite (NajAlF^), titanium fluoride (TiFj), zirconium fluoride (ZrF^). calcium 
fluoride (CaFj) and magnesium fluoride (MgFj). Examples of reattive carbonate 
compounds useful in said novel invention are lithium carbonate (LijCOj), calciunn 
carbonate (CaCO,) and barium carbonate (BaCO,). An example of a reactive 
phosphate compound is boron phosphate (BPO,). Examples of reactive oxide 
compounds include boron oxide, sodium borate, calcium borate, sodium teuaboraie, 
boric acid, calcium oxide and rare earth oxides. 

Of the above compounds reactive with sodium, niu-ogen or sodium 
cyanide, the preferred reactive compounds are boron oxide and its derivatives such as 
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boric acid, sodium borate and sodium tetraborate. That is, the boron oxide compounds 
are preferred because they can combine with sodium or nitrogen. Further, the boron 
oxide compounds are preferred because they arc reactive with cyanide compounds such 
as sodium cyanide to convert or decompose it to environmentally b«ugn compounds 

5 such as boron nitride and sodium borates. Thai is. if for some reason, sodium cyanide 
forms, reactive boron oxide compounds arc cflcciive in reacting and converting the 
cyanide compound to environmentally benign compounds. Of the boron oxide 
compounds, boron oxide (BPj) is preferred. Also, preferably, the novel material 
comprises carbon and 0.5 to 5 wt.% reactive compound. A typical amount of reactive 

10 compound is m the raiige of 1 to 2 wt.%. U will be appreciated that combinations of 

such compounds may be used. 

The reactive compound should be capable of reacting with sodium, 
nitrogen or sodium cyanide at operating conditions prevalent in the carbonaceous 
material in the electrolyte ceU during operation. Thus, the reactive compound should 
15 be capable of reacting with sodium, nitrogen or sodium cyanide in the presence of 

carbon in a temperature range of 500 to lOOCC. Further, a reactive compound that is 
reactive with sodium can ako lessen the harmful effect of sodium intercalation into the 
potlining, Aus leading to octended pot life. 

In the process of using the present invention, a carbonaceous matoial 
20 comprising carbon and the reactive conipound arc mixed thoroughly and then 

fiibricated into a suitable inner cathode block, ramming mix, or seam mix for use in an 
aluminum producing electrolytic cell. That is, as noted earlier, the reactiVe compound 
is mixed with carbon and/or pitch, depending on the end use, to fonm a green mix. 
The green mix is then shaped into cathode blocks or liner. The green cathode blocks 
25 are then baked before use, whereby volatile material is driven off. Ramming paste is 
baked in situ on cell start-up. Then, during operation of the cell, the reactive 
compound mixed into the carbonaceous mix will operate to scavenge sodium or 
nitrogen by forming compounds which prevent the formation of cyanide. Sodium 
cyanide, as it is generated and penetrates the walls or cathode of the cell, will be 
30 decomposed by the reactive compound even at places separated from its formation. 

In the invaition, the amount of the reactive compound dispersed in the 
carbon material can be varied depending on the potlining and its location in the cell. 
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For example, pockets or layers of the reactive compound can be positionedT 
strategically, if desired. Further, in electrolytic cells that have been in operation, bore 
holes can be drilled in the potiiner or cathode and such holes filled with the reactive 
compound. When the reactive compound is boron oxide, for example, it has the 
5 capability of reacting with the sodium cyanide to form boron nitride and sodium 
borates according to thie following reaction: 

eNaCN+TBjOa-^eC+ZNj+ZBN+BNajB^Ov. 
Thus, it will be appreciated that the electrolytic cell can be operated for a number of 
years and then treated as noted to decompose sodium cyanide formed in the liner, 
10 ramming mix or cathode block to capture free sodium or nitrogen therein. 

The following examples illustrate the effectiveness of different reactive 
compounds in suppressing formation of sodium cyanide carbon potlining material used 
in electrolytic cells for the production of aluminum and the promotion of wetting by 
aluminum in the presence of minor amounts of titanium. 
15 Example 1 

To carbonaceous material used as a commercial ramming mix (Midwest 
Carbon), composed of sized gas-calcined anthracite coal and about 10% coal-tar pitch, 
was added aluminum carbide, AI4C3, to provide a mix containing 3 wt,% AI4C3, A 
47.5 gm sample of the mix containing AI4C3 was exposed to 2.60 gm of sodium and a 
20 xiitrogcn atmosphere at fiOO^^C. After 3 hours of heating, 646 ml of nitrogen was 
consumed. The sample was then analyzed and found to contain 1.49 wl.% cyanide 
(CN). Another sample was treated in the same way except AI4C3 was not added. The 
sample without AI4C3 was found to contain about 2.6 wt.% cyanide (CN). Thus, the 
addition of AI4C3 resulted in a decrease of 40% in the amount of cyanide formed.. 
25 Example 2 

Several reactive compounds were tested to determine their effectiveness 
in suppressing sodium cyanide formation in potlining material. The samples were 
prepared and tested as in Example 1. The reactive compounds and results are provided 
in Table 1. 
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Table 1 



Sodium 
Weight (g) 


Reactive Compound 
(Initial wL%) 


AVN2 
(ml) 


Weight 
CN(g) 


%CN 
' Reduction 


2.60 


none 


-747 


1.365 




2.60 


5 wt% SiOj 


-418 


0.633 


53.6 


2.60 


5 wt% AL4C3 


-631 


0.975 


28.6 


2.60 


3 wt% B4C 


-392 


0.407 


70.2 


1.15 


none 


-297 


0.574 




1.15 


8.2 wt% SiC 


-265 


0.444 


22.6 


1.15 


5 wt% B2O3 


-15 


0.013 


97.7 


1.15 


20 wt% B2P3 


+46 


0.0004 


99.9 



It vnll be seen from Table 1 that BjOj was the most effective reactive 
compound in suppressing fortnation of cyanide. That is. the 20 wt.% B2O3 sample 
only contained about 9 ppm cyanide in a 45.8 gm sample. It should be noted that 
these conditions for the test are believed to be more severe than normal aluminum 
electrolytic cell production conditions, and the test conditions are believed to fevor 
cyanide formation more than cell production conditions would. In the test, sodium was 
present at unit activity, and its activity in n potlining is about 0.05, Further, in the test, 
excess quantities of nitit>gcn were provided and die temperature of the test, 600°C. is 
believed to be more favorable to cyanide formation than die higher temperatures at 
vMdti aluminum production cells are operated. 

Example 3 

A carbon sample representing cathode block material was prepared by 
pressing heated cathode paste (100» to 150»C), with or without boron oxide additive, 
and heating the sample for an overnight period at approximately 300"C. The following 
day. the sample was heated at a lOO'CAir rate to lOOO^C and allowed to soak for one 

hour before cooling. 

Samples were exposed to a two-phase system of molten aluminum metal 
and cryolite melt contained in a laboratory graphite crucible at a temperature of 
1025»C. Two samples, in two different experiments, showed no evidence of wettii^ 
by the metal after exposure times of 10 and 30 minutes, respectively. 

When a sample containing 5 wt.% BjOj, as an additive was exposed in 
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the same arrangement to molten aluminum containing 1 wt.% Ti (rathel thaii pure 
aluminum) for 30 minutes at 1020°C, the sample removed from the system showed 

jOiat it was wetted by molten aluminum. 

It will be seen that the reactive compound provides an improved 

carbonaceous liner which suppresses formation or accumulation of cyanide compounds 
in the carbonaceous liner. Also, it will be seen that it reduces the tendency for 
irteicalation of sodium and lithium. Also, it will be seen that an improved cathode is 
disclosed which provides for improved molten aluminum wettability and thus improved 
efficiency of the electrolytic cell. 

While the mvention has been described in terms of preferred 
embodiments, the claims appended hereto are intended to encompass other 
embodiments v<dtich fall within the spirit of the invention. 
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I An improved carbonaceous material suitable for use as liner material in 

an aluminum producing electrolytic cell, said cell using an electrolyte comprised of 
sodium containing compounds, the carbonaceous material resistant to formation or 
5 aocumulationofsodiumcyanideduring operationof said cell and having improved 
molten aluminum wetting properties, the carbonaceous material comprised of: 

(a) carbon; and 

(b) a reactive compound capable of reacting with titanium or zirconium 
to produce titanium or zirconium diboride during operation of said cell to produce 

10 alurninum, said reactive compound present to producfs titanium or zirconium diboride 
in an amount sufficient to improve molten aluminum wetting properties of said 
carbonaceous material. 

2. The carbonaceous material in accordance with claim I, wherein said 

leactive compound is present in the range of 0.1 to 30 wt%. 
15 3_ The carbonaceous material in accordance with claim 1 » wherein said 

reactive compound is selected from the group consisting of carbide, fluoride, phosphate 
. and oxide compounds. 

4. An improved carbonaceous rammmg mix suitable for a monolithiclining 

and for sealing Uner components in an aluminum producing electrolytic cell, said cell 
20 using an electrolyte comprised of sodium containing compounds and said carbonaceous 
mix penetrable by sodium or nitrogen and resistant to formation or accumulation of 
sodium cyanide during operation of said cell, the carbonaceous ranuning nux 
comprised of: 

(a) carbon; and 

25 (b) a reactive compound capable of reacting with titanium or zirconium 

to form titanium or zirconium diboride during operation of said cell to produce 
aluminum, said titanium or zirconium diboride present in an amount sufficient to 
improve molten aluminum wetting of said ramming mix. 

5, The carbonaceous material in accordance with claim 4, v^erein said 
30 reactive compound is present in the range of 0.1 to 30%. 

6. An improved carbonaceous cathode for use in an aluminum producing 
electrolytic cell, said cell using an electrolyte comprised of sodium containing 
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compounds, said carbonaceous cathode resistant to formation or accumulation of 
sodium cyanide during operation of said cell, said cathode having improved molten 
aluminum wetting properties, the carbonaceous cathode comprised of: 
(a) carbon; and 

5 (b) a reactive compound capable of reacting with titanium or zirconium 

to provide titanium or arconium diboride during operation of said cell to produce 
aluminum, said titanium or zirconium diboride present in an amount sufficient to 
improve molten aluminum wetting properties of said carbonaceous cathode. 
7^ The carbonaceouis material in accordance with claim 6, wherein said 

10 reactive compound is present in the range of 0.1 to 30 wt.%. 

g_ The carbonaceous material in accordance with claim 6, wherein said 

reactive compound is boron phosphate. 

9, The carbonaceous material in accordance with claim 6, wherein said 
reactive compound is an oxide compound selected from the group consisting of boron 

15 oxide, sodium borate, sodium tetraborate, calcium borate, boric acid, and an organic 
derivative of boron oxide. 

10, The carbonaceous material in accordance with claim 6, wherein said 
reactive compound is boron oxide. 

11, A method of producing aluminum in an electrolytic cell comprising the 
20 steps of: 

(a) providing an electrolytic cell haying an anode; 

(b) providing at least one of a liner and a cathode in ^d cell 
comprised of a carbonaceous material, wettable by molten aluminum, the carbonaceous 
material comprised of: 

25 (i) carbon; and 

(ii) a reactive compound capable of reacting with titanium or 
zirconium to produce titanium or zirconium diboride during operation of said cell to 
produce aluminum, said reactive compound present to produce titanium or zirconium 
diboride in an amount sufficient to improve molten aluminum wetting properties of 

30 said carbonaceous material; 

(c) dissolving alumina in said electrolyte; and 

(d) passing an electric current through said cell to produce aluminum at 
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said cathode. 

12. The carbonaceous material in accordance with claim 1 1. wherein said 
reactive compound is present in the range of 0.1 to 30 wt%. 

13. The carbonaceous material in accordance with claim 1 1 , wherein said 
reactive compound is an oxide compound selected from the group consisting of boron 
oxide, sodium borate, aluminum borate, sodium tetraborate, calcium borate, boric acid, 
and organic derivatives of boron oxide. 

14. The carbonaceous material in accordance with claim 11, wherein said 
reactive compound is boron oxide. 
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